Memory is arguably the most important function of cognition. When left undetected, memory impairments are linked to life long underachievement and negative social consequences. Given that the construct of memory is multidimensional, the current study examined patterns of multiple indicators associated with memory across individuals ranging in age from 5 to 85 years who had been administered the Wide Range Assessment of Memory and Learning -Second Edition (WRAML-2). Multistage cluster analysis with independent age replications was used to empirically identify normative profiles in a sample of (n 5 1172) typically developing individuals. This procedure considered how various indicators of memory operate in concert by accounting for the nonlinear multivariate relationships among them. Results supported nine common (or core) profile types that satisfied all formal heuristic and statistical criteria, including complete coverage, satisfactory within-type homogeneity, between-type dissimilarity, and replicability. A summary of the defining characteristics for each profile is provided. (JINS, 2008, 14, 869-877.) 
INTRODUCTION
Arguably the most important of all cognitive abilities, memory can be defined as the means by which individuals retain and draw on past experiences to use that information in the present (Tulving, 2000) . Within the past 40 years, several competing theoretical models of memory have emerged, including the multi-store model (MS; Atkinson & Shiffrin, 1968) , the levels-of-processing model (LOP; Craik & Lockhart, 1972) , working memory models (WM; Baddeley & Hitch, 1974) , and the multiple-memory-systems framework (MMS; Tulving, 1972) . Regardless of the memory model to which one subscribes, it is clear that impairments in any of the identified indicators of normal memory performance place children and adults at risk in terms of their ability to succeed academically. Deficits have been associated with poor mathematical performance (Holmes & Adams, 2006) , impairment in visual scanning abilities (Schwantes, 1982) , problems with attention (Rucklidge, 2006) , difficulties in new language0vocabulary acquisition (Alloway et al., 2005a) , struggles with categorization (Ashby & O'Brien, 2005) , and reading difficulties (Swanson & Howard, 2005) . When left undiagnosed, memory deficiencies minimally lead to frustration in the child and disengagement from their daily school experiences.
Educators and clinicians have several measurement options at their disposal when attempting to identify potential memory deficits. The Wide Range Assessment of Memory and Learning (WRAML; Sheslow & Adams, 1990) was recently identified in a survey of clinical neuropsychologists as being one of the most commonly used neuropsychological instruments (Rabin et al., 2005) . The WRAML is unique in its attempt to meet the perceived clinical need for a measure that is sensitive to changes in memory and learning in children throughout their stages of development, is consistent with current theoretical measures of memory, and includes a sufficient number of educationally relevant and simulating tasks (Sheslow & Adams, 1990) .
Recognizing the lack of consensus on a widely accepted model of memory, the WRAML was influenced by cognitive, neuropsychological, and developmental traditions (Sheslow & Adams, 1990) . This allowed for assessment results to be interpreted within several theoretical frameworks (Mealer et al., 1996) , including the MMS and the MS models of memory. More recently, the Wide Range Assessment of Memory and Learning -Second Edition (WRAML-2; Sheslow & Adams, 2003) entered the market, extending the useful assessment age of the WRAML from 5-17 years to 5-85 years of age. The WRAML-2 is largely an update of the original WRAML that also provides clinicians with a broader menu of optional subtests.
While the assessment of an individual's performance on these measures is an important first step in evaluating potential memory deficits, memory is a multivariate phenomenon that requires joint consideration of how these processes operate in combination rather than in isolation. Although each of the major models of memory referenced above differ with respect to the processes believed to be responsible for memory, all of the systems are complex in the sense that they posit an inter-connected network of mechanisms that operate well in concert among individuals with successful memory capabilities. In the same way, it is likely that individuals will demonstrate different patterns of strengths and weaknesses across measures of different memory functions. As a result, it is important to develop models that integrate the full network of relationships that exist among these abilities to investigate their joint occurrence. The primary purpose of this work is to provide an integrated interpretive framework for evaluating an individual's profile configurations on the six primary subtests of the WRAML-2 that serve as measures of Verbal Memory, Visual Memory, and Attention0Concentration.
In the present study, we use the person-oriented approach of cluster analysis with a large sample of typicallydeveloping individuals ranging from 5 to 85 years of age to identify a normative taxonomy of the most common subtest profiles in the WRAML-2, and then determine whether a mixed clinical sample manifested patterns associated with these profiles. Cluster analysis has been used throughout numerous disciplines to understand the nature of individual differences related to dyslexia (Satz et al., 1985) , language (Beitchman et al., 1988; Fegans & Appelbaum, 1986; Speece et al., 1999) , and learning disabilities McKinney & Speece, 1986; Speece et al., 1985) . This procedure allowed us to account for the heterogeneous nature of memory functioning and identify homogeneous subgroups that display similar patterns of strengths and weaknesses across these variables that can be used as a normative framework. This is an important first step in evaluating whether a given profile configuration is common or unique.
Profiles are integrated sets of scores that are defined by three elements: level, shape, and scatter (Cronbach & Gleser, 1953) . Treating test scores as integrated profiles provides many benefits. Most notable is that multivariate methods of evaluating profiles account for the full network of relationships among abilities (Sternberg, 1984) and provide greater insight into the nature and complexity of human ability, thereby providing greater diagnostic precision . Cross-validation was incorporated into the analysis, and the internal and external validity of the resulting profiles was also investigated.
METHOD Participants
Data from the WRAML-2 standardization sample were used for the primary analysis of identifying normative profile configurations. The 1172 individuals (47% males) ranged from 5 to 85 years of age (M 5 34.83), and were distributed as: 5-10 years (33.4%), 11-20 years (16.6%), 21-40 years (10.2%), 41-60 years (11.2%), and over 60 years of age (28.7%). Test sites were concentrated in four geographic regions of the United States [Northeast (19.0%), South (34.4%), Northcentral (22.6%), and West (24.0%)]. An effort was made to mirror as closely as possible the 2001 United States Census on the following variables, listed in order of priority: gender, race0ethnicity [African-American (9.6%), Caucasian (75.1%), Hispanic (9.6%), and Other (4.8%)], and educational attainment [college and higher (22.4%), some college (27.6%), high school graduate (34.1%), and less than high school (15.9%)]. Reported parental education (i.e., the higher level of the mother or father) was used for stratification purposes for participants younger than 17 years of age. Only those that met the census targets in each testing site were selected for standardization; no other exclusion criteria were specified. The study was approved by the University of Virginia Institutional Review Board.
Measure
The WRAML-2 consists of 17 subtests, each yielding scaled scores ranging from 1 to 19. Given that the scaling of variables entering a clustering algorithm can influence their relative contributions in the final solution, all measures were standardized to the same t-score metric (M 5 50, SD 5 10) based on age-specific technical manual conversion tables. Six of these subtests comprise a core group that can be combined to yield three primary indices: Verbal Memory (VBM), Visual Memory (VIM), and Attention0 Concentration (AC). The remaining 11 subtests, including delayed recall tasks, as well as separate Working Memory, Verbal Recognition, and Visual Recognition indices, are optional and can be used to provide supplemental information about the memory function of an individual. The focus Normative taxonomy of the WRAML-2 870 of the current study was on the six core subtests that are most often administered during individual clinical evaluations. The brief descriptions of the three primary indices and their underlying subtests that follow were obtained from the WRAML-2 administration and technical manual (Sheslow & Adams, 2003) . Verbal Memory (VBM) focuses on how novel verbal information is processed and recalled and is composed of two core subtests: Story Memory and Verbal Learning. In Story Memory, a participant is read two short stories and is immediately asked to recall as many aspects of the reading passages as possible. Individuals aged 8 years or younger are read stories consisting of 25 and 36 separate aspects, while those 9 or older are read stories containing 36 and 40 aspects, respectively. Verbal Learning involves four repeated trials of an experimenter aurally presenting a participant with a list of simple words, followed by immediate free-recall. The word list consists of 13 items for individuals 8 years or younger and 16 items for those 9 or older.
Visual Memory (VIM) is hypothesized to measure learning and memory of recently presented visual stimuli. The core subtests for this factor are Design Memory and Picture Memory. Design Memory involves the 5-s exposure of a participant to a series of five cards with various geometric forms. After this brief exposure, the individual is asked to draw all aspects of the image that they are able to recall. In Picture Memory, participants are asked to identify changes that have been made to four separate common, yet complex visual images after a 10-s exposure to each image.
Attention0Concentration (AC) measures the same named abilities through the use of two core subtests: Finger Windows and Number Letter. The Finger Windows subtest presents participants with a vertically resting card containing asymmetrically located holes. In each trial, the examiner demonstrates a pattern of placing a pencil eraser in a sequence of holes and then asks the individual to duplicate the sequence by placing their finger in each hole according to the order of presentation. The length of the sequence of holes increases after each trial. The Number Letter subtest is similar to a digit span task; participants are aurally presented with sequences of alternating numbers and letters and then asked to recall this information in the order it was presented.
Psychometric properties of the six primary subtests are well documented and favorable (Sheslow & Adams, 2003) . Internal consistency measures were in the high to excellent range (.86-.93) for the majority of subtests. Confirmatory factor analyses (CFA) demonstrated that, consistent with the hypothesized framework, a three-factor model best represents the six core subtests. Multi-group structural analyses provided evidence that the three-factor solution was invariant across groups reflecting gender, ethnicity, age, and level of education. In addition, various subtests of the WRAML-2 demonstrated an acceptable degree of correlation with other instruments designed for the measurement of memory, including the Wechsler Memory Scale-III (r5.60), Children's Memory Scale (r 5 .49), Test of Memory and Learning (r 5 .69), the California Verbal Learning Test (r 5 .64), and the California Verbal Learning Test-II (r 5 .68).
Clustering Strategy
The clustering strategy we adopted was similar to the one used elsewhere for identifying normative profiles (Glutting & McDermott, 1990; Glutting et al., 1997; Konold et al., 1997) , as described in McDermott (1998) . This procedure involved three steps. In the first step, Ward's (1963) hierarchical-agglomerative procedure was performed on a Euclidean distance matrix that is sensitive to level, shape, and scatter. Ward's method has been shown to outperform alternative methods in terms of minimizing profile overlap (Bayne et al., 1980) and to be the most efficient means by which to recover known taxonomic structure in a population exhibiting variation (Kuiper & Fisher, 1975) . In this first step, the total sample (n 5 1172) was divided into age level partitions to form five blocks, consistent with the predefined age groups of the WRAML-2 (i.e., 5-10, 11-20, 21-40, 41-60, and over 61; Sheslow & Adams, 2003) , thereby allowing for an internal age based replication analysis. Decisions regarding the number of clusters to retain within each of the five samples were based on several indices: Pseudo-F (Calinski & Harabasz, 1985) , pseudo t 2 (Duda & Hart, 1973) , R 2 , inspection of the agglomeration index for each subgroup as well as the agglomeration history within each subgroup, the coherence of the resulting clusters, and the degree of replicability of clusters across subgroups (Crockett et al., 2006) . This step also used a "trim" procedure that removed a maximum of 2% of the outlier cases from consideration in the analysis (McDermott, 1998) .
Information from the clusters identified in step 1 was pooled to form an overall similarity matrix that was used for step 2. Thus, step 2 clustering began with a proximity matrix whose diagonal elements held error sums of squares (ESS) statistic values for respective step 1 clusters, with off-diagonal elements corresponding to potential ESSs for merging each pair of first-stage clusters. Ward's method was used on the resulting similarity matrix from step 1 to assess the extent to which cluster profiles from subsamples of the data matched those found for the total sample (i.e., replication). Each of the aforementioned statistical indices was again considered when determining how many clusters to retain at step 2. Steps 1 and 2 led to the identification of nine clusters. Clusters 8 and 9 yielded replication rates of 60% and 80%, respectively. The remaining seven clusters demonstrated replication rates of 100% (Table 1 ). The replication rate of 80% indicates that profile nine was also identified in four of the five subsamples, whereas, profiles demonstrating 100% replication rates were found to emerge in all five subsamples of step 1.
Group centroids from the step 2 solution served as starting seeds for the stage 3 iterative partitioning analysis conducted using K-means passes. K-means cluster analysis makes use of an iterative procedure where individuals are 871
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RESULTS
Mean profile configurations for the resulting nine cluster solution are presented in Table 2 . The nine profiles represent the natural variation of individual memory disparity and are typical of what we would expect among the general population. Table 1 provides other psychometric properties for each profile. The final cluster solution from step 3 was required to retain the dual properties of internal cohesion and external isolation (Aldenderfer & Blashfield, 1984) . Both internal cohesion and external isolation address the issue of internal validity. Internal cohesion refers to the tightness of a cluster, or the closeness of objects around the cluster centroid. External isolation refers to the distance between clusters in multivariate space. Thus, subjects within a given cluster should be similar to one another, whereas clusters composed of homogeneous individuals should be distinct from one another. The average H coefficient (Tryon & Bailey, 1970 ) across profiles satisfied a priori expectations for internal cluster cohesion Ն.60 (Average H 5 .75), thereby, providing evidence in support of homogeneous within-cluster representation. In addition, the average r p (Cattell, 1949) across profiles also satisfied a priori expectation in support of external isolation , .40 (Average r p 5 .38). 
Normative taxonomy of the WRAML-2 872

Profile Descriptions
In the descriptions that follow, we present a synthesis of information reported in Tables 2 and 3 pertaining to the group averages demonstrated by these profiles and associated demographic features. We have chosen to name each group according to that feature of functioning that appears to distinguish it from the other groups. Thus, the names below reflect a distinguishing feature and by implication also reflect average functioning in the other domains assessed. Profile names are provided to highlight relative strengths and weaknesses that were found through empirical methods as a way of differentiating among individuals that are not known to be at-risk. The summaries below also take into consideration the demographic factors of ethnicity, education level, and age. For each demographic category, observed percentages were compared with expected values based on the composition of the overall sample through methods of standard error of proportional differences tests. An alpha level of .006 (.0509) was used to adjust for multiple comparisons and reduce the likelihood of Type I error. Observed percentages of males and females did not statistically differ from expected percentages in any of the nine identified profiles.
Above average memory skills (prevalence 5 12.0%)
This cluster demonstrated a relatively flat above average profile across each of the six memory indicators. Fewer than half of the anticipated African-American and Hispanic participants were present in this profile. There were over two times more individuals with college and higher levels of education than expected, and a significantly fewer than expected number of individuals reported that high school graduation or less than high school was their highest education level.
Above average attention0concentration (prevalence 5 8.9%)
This pattern demonstrated the lowest rate of prevalence. Individuals in Profile 2 exhibited above average scores on the subtests that comprise the Attention0Concentration factor (i.e., Finger Windows and Number Letter). Half of the expected African-American participants and less than a quarter of the anticipated Hispanics were found in this profile. While significantly fewer members of this profile were members of the "high school graduate" and "less than high school" groups, a greater than expected proportion of participants had a beyond college level education. In addition, there were significantly more members of the 21-to 40-and 41-to 60-year-old age groups.
Above average verbal and visual memory (prevalence 5 10.0%)
Members had above average scores on the four subtests (i.e., Story Memory, Verbal Learning, Design Memory, and 
873
T.M. Atkinson et al.
Picture Memory) underlying the Verbal and Visual Memory factors. A smaller concentration of Hispanics and participants in the "other" ethnicity category were found in this profile than was anticipated. Fewer than expected number of participants in this profile reported having attained less than a high school diploma, and a significantly higher proportion of participants were found in the 41-to 60-year-old age block relative to the overall sample.
Above average visual memory (prevalence 5 11.2%)
Visual Memory was elevated among members of this profile as evidenced by somewhat above average performance on Design Memory and Picture Memory. Significantly fewer individuals obtained a college or higher level of education. There were more members of the 11-to 20-year-old age group, and fewer members of the 21-to 60-year-old age groups than expected. Ethnicity composition met expectations in this profile.
Above average verbal memory with depressed design memory (prevalence 5 11.4%)
Individuals in Profile 5 demonstrated higher scores on the Story Memory and Verbal Learning (measures of Verbal Memory), and performed below average on Design Memory. This profile consisted of a lower concentration of African-American and Hispanic participants than was projected. Age groups were represented in proportion to the overall sample. However, significantly fewer individuals with this profile reported not having attained a high school diploma.
Variable memory skills (prevalence 5 9.1%)
Members of this profile were somewhat above average on one index of each of the three factors (Verbal Learning, Design Memory, and Finger Windows) and somewhat below average on the remaining index of the three factors (Story Memory, Picture Memory, and Number Letter). A higher than expected proportion of participants in the "other" ethnicity category was found in this profile. A large percentage of participants reported having less than a high school education level (20.4%) when compared with the composition of the standardization sample, and there was a less than anticipated concentration of participants older than 61 years of age in this profile.
Slightly below average memory with elevated number letter skills (prevalence 5 13.3%)
Ethnicity and education level distributions within this profile were within expectation; however, fewer individuals were members of the 11-to 20-year-old age group.
Slightly below average memory with elevated picture memory skills (prevalence 5 13.3%)
Significantly more African-Americans, Hispanics and members of the "other" ethnicity category were found in this profile, while there was a fewer than expected percentage of Caucasians. Less than half of the expected percentage of participants in this profile had attained at least a college degree, while a greater proportion had yet to attain a high school diploma. Age distributions within this profile were consistent with expected distributions.
Below average memory skills (prevalence 5 10.8%)
This profile configuration was representative of generally below average performance on measures of memory. A larger proportion of African-Americans, Hispanics, and those in the "other" ethnicity category were found in this profile than was expected. More than twice the expected proportion of participants with this profile attained less than a high school diploma, while significantly less had attended college or at least completed a college degree. Age group distributions were consistent with expectations.
Profile Stability
Profile stability was examined with n 5 142 participants, the majority of which were included in the original normative standardization sample and were also retested following a period of time (M 5 73.5 days, SD 5 63.9 days). To objectively compare the normative core profiles obtained from the standardization sample with those in the retested sample, it was necessary to select a statistical strategy for evaluating pattern similarity. The accuracy of two procedures for evaluating pattern similarity was first examined within the normative sample (n 5 1172) to determine which approach yielded the highest classification rates when cluster memberships were known. Cattell's r p technique (1949) revealed pattern similarity return rates of 84.4%, whereas the distance measure (D 2 ; 1952) of Osgood and Suci (1952) yielded somewhat more favorable return rates of 97.7%. Consequently, Osgood and Suci's D 2 was used with the retest sample (n 5 142) to gauge profile stability.
Sixty-five of the 142 participants (650142 5 45.8%) were classified to the same profile configuration based on their initial testing and subsequent follow-up. This stability estimate represents a material increase over what would be expected by chance (12.4%) assignment across the nine profiles. In addition, it is important to note that there was not a statistically significant difference in the number of re-test days between participants that were found to have the same profile configurations at both testing occasions (M days 5 81.06) and those that did not (M days 5 67.05); t(140) 5 21.30; p 5 .19.
Normative taxonomy of the WRAML-2 874
DISCUSSION
Despite the ongoing debate as to which theoretical model of memory is most representative of the underlying mechanisms of the construct, the importance of this cognitive ability in everyday function is unquestionable. When left undetected, memory impairments are linked to lifelong underachievement and negative social consequences (Alloway et al., 2005b; Callu et al., 2005; Swanson & Howard, 2005) . The WRAML-2 was designed to be a comprehensive tool to be used in the detection of clinically meaningful deficiencies in memory ability throughout the lifespan (Sheslow & Adams, 2003) . The purpose of the present study was to identify a normative taxonomy of profiles likely to be found among typically developing individuals. Nine normative patterns of memory were identified through a multivariate model that simultaneously considered multiple measures of memory, reflecting a range of underlying constructs related to verbal, visual, and attention0concentration abilities. Profiles were defined in terms of patterns of relative strengths and weaknesses on these assessments. The six subtests of the WRAML-2 core battery, on which the profiles were obtained, have been shown to measure three components of memory: verbal memory, visual memory, and attention0concentration (Sheslow & Adams, 2003) . As such, the normative profiles presented here may be particularly useful for differentiating between normal and other clinical groups than were the focus of the current investigation. For example, a study of memory performance in patients experiencing severe depression demonstrated differences in performance on measures of verbal memory, visual memory, and attention0concentration (Hihn et al., 2006) . Morse and Rice (2005) treated verbal memory, visual memory, and attention and concentration as separate systems in an investigation of memory in postmenopausal women. Patient outcomes on measures of verbal memory, visual memory, and attention0concentration were among several dimensions examined in a study of the relationship between educational attainment and cognitive performance in a group of individuals with subarachnoid hemorrhage (Nakhutina, 2006) . Examination of profile configurations of these, and other known clinical groups, would be important next steps for extending the clinical utility of profile analyses as related to memory. In addition, it may be useful to revisit this analysis and include the WRAML-2 optional subtests from the three memory components, as well as the supplemental areas of working memory, verbal recognition, and visual recognition to capture a somewhat more global understanding of memory and learning in an individual.
It should be pointed out that while the present study may appear to indicate that individuals belonging to a particular demographic (e.g., age group) may specifically exhibit higher performance than others in the sample, caution should be used when interpreting these relationships. While such comparisons could prove as useful for clinicians, future research is needed before making specific comparisons between demographic groups on any of the identified WRAML-2 profiles. This is particularly true when making profile comparisons based upon ethnicity, given the small sample sizes for the African American and Hispanic groups in relation to the Caucasian participants.
To meet analysis requirements and to remain consistent with methodology during test standardization, the original 15 age groups (i.e., ages 5, 6, 7, 8, 9-10, 11-13, 14-17, 18-24, 25-39, 40-54, 55-64, 65-69, 70-74, 75-79 , and over 80) were collapsed into five blocks. Combining these age groups may obscure the ability to detect differences in profiles throughout the lifespan. To recover potentially useful information related to age differences, a larger sample should be collected with at least 150-200 participants in each age group. It should be pointed out that sample size did not impact the overall magnitude of the cluster analysis in this study, as all internal cohesion, external isolation, and a priori replication requirements were met.
The present results may assist clinicians during the process of instrument selection in memory assessment. Despite somewhat frequent use of the original WRAML (Rabin et al., 2005 ) the WRAML-2 has been sparsely mentioned in the current literature (Hall, 2006 (Hall, , 2007 Hartman, 2007; Shaver, 2005) . Consequentially, it is important to establish the psychometric qualities of this instrument to help clinicians determine whether this test is a viable alternative for the existing methods of memory assessment. As opposed to some of the more established instruments (i.e., CFT, CVLT-C, CMS), the WRAML-2 is currently the only measure of memory that can be administered across the lifespan (Sheslow & Adams, 2003) . To compete with the features of other memory assessment instruments, as well as provide clinicians with desired supplemental information, several optional subtests are available to assess delayed recall, verbal and visual recognition, as well as working memory. In addition, results of the present study were consistent with a cluster analysis of the CVLT-C (Donders, 1999) . To further compare across memory assessment instruments, it would be helpful to identify common profiles in each of these tools and determine sensitivity to the detection of clinical impairment.
The obtained normative taxonomy of profiles provides clinicians with a useful tool for evaluating whether observed score patterns on the WRAML-2 are deviant, or simply reflect normal subtest score variation. Through direct comparisons with results from the present study, individuals that would be typically identified as having memory or learning deficits based upon normative information may, in fact, be scoring within a given normal profile. It is suggested that future test standardizations incorporate cluster analysis to provide clinicians with additional pieces of information for identifying potential deficiencies in abilities.
Finally, it is important to provide some additional context for the obtained profile stability analysis conducted on the 142 test-retest participants. Although we are encouraged by the 45.8% return rate that was materially greater than what would be expected by chance (i.e., 12.4%), the fact remains that over half of the participants migrated from 875 T.M. Atkinson et al. their original profile type on subsequent evaluation. Unfortunately, the assessment of memory and learning does not lend itself well to score consistency in a longitudinal sense. Sheslow and Adams (2003) discussed this point in the WRAML-2 technical manual:
With memory tests, there is an inherent problem with measuring stability in that the test itself is predicated on the retention of specific material presented at the time of testing. The giving of the test a second time presents more opportunity for learning and, therefore, can contaminate the original purpose of the testing, thus spoiling the stability measurement. With measurements of reasoning, achievement, or other cognitive abilities, this effect is not as severe because the intent of these measures is not learning per se but the assessment of what has been learned outside the test situation and applied in some way to the test content. (p. 100).
Test-retest estimates for the six WRAML-2 subtests that served as the basis for cluster formation ranged from .53 to .78 in the standardization sample (Sheslow & Adams, 2003) . In our retest sample, the majority of participant's scores across the six measures increased from the first to second testing (56%), while others decreased (23.35%) or remained the same (18.65%). Consequently, clinicians are encouraged to evaluate individual profile configurations, relative to the normative subtypes identified here, based on first evaluations to capitalize on the novelty of the client experience with respect to exam content.
